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Abstract: Overload pressure sensor can be used to measure and control the pressure of the high pressure 
compressed air and gas. In this paper, under the premise of ensuring the sensor full-scale range of linear 
response, through the appropriate contact of the flexible diaphragm and the substrate to effectively improve the 
sensor overload. Overload pressure sensor has a housing, metal pressure port as well as a high level signal 
output pressure measuring device. The paper proposes application overloaded pressure sensor analysis and 
solution design. Overloaded pressure sensor is a new type of pressure sensor may be highly configurable. It 
combines a piezoresistive detection and ASIC signal conditioning technology, can provide reliable performance 
even in harsh environments. The experimental results show that the method is effective in pressure sensor. 
Copyright © 2013 IFSA. 
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1. Introduction 
 

The basic principle for manufacturing 
semiconductor pressure sensor is based on the 
piezoresistive effect of the silicon crystal. Silicon 
materials under the application of stress, the 
resistively changes, this phenomenon is called the 
piezoresistive effect. The pressure sensor element 
material is monocrystalline silicon, the piezoresistive 
effect in silicon and polysilicon diffusion doping. 
According to the crystal is not affected by the 
directional stress, conductivity is isotropic, only by 
the directional stress can exhibit anisotropy, due to 
stress can cause changes in the movement of energy 
band, Nose, leads to the change of electrical 
resistively, so there is resistance to change, resulting 
in the piezoresistive effect. 

Heavy duty pressure sensor is a kind of shell, 
metal pressure interface and a high level of output 
signals of the pressure measuring device. Many 
sensors are equipped with a circular metal or plastic 
shell, appearance is cylindrical, one end is the 
pressure interface, the other end is a cable or 
connector [1]. This kind of heavy duty pressure 
sensor used in the extreme temperature and 
electromagnetic interference environment. Industrial 
and transportation customers using pressure sensor in 
the control system, can realize the pressure 
measurement and monitoring of the cooling fluid or 
lubricant fluid. At the same time, it also can detect 
the pressure spike feedback, found the system 
congestion, thus to find solutions. 

Although not every set of mold needs pressure 
sensor, benefit but each set of molds can be provided 
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from the pressure sensor information. Therefore, 
molding is all should understand the important role of 
the pressure sensor in the optimization in injection 
mold. Those who believe that the use of pressure 
sensors play a key role in the manufacture of 
precision molds in the mold manufacturers to make 
their users more quickly to produce products that 
meet quality requirements, but also can promote the 
mold design and manufacturing technology for their 
improvement. 

MEMS pressure sensor is a thin film element, 
deformation under the pressure. Can use strain 
gauges (piezoresistive sensor) to measure the 
deformation, can also through the capacitance 
changes in the sense of distance between the two 
surfaces to be measured [2]. These two methods are 
very popular; tire pressure monitoring system using 
piezoresistive method is strong. 

With the silicon micro-machining technology, 
large integrated circuit technology and materials 
preparation and characterization work progress, so 
that the pressure sensor in the mass production of 
optical fiber sensors, high temperature silicon 
piezoresistive and piezoelectric junction of sensor 
applications possible in biomedical the field of 
micro-mechanical pressure sensor has a broad 
application prospects. 

The pressure sensor in the tire is constantly 
improving, of which there are a variety of ways, such 
as the use of radio transmitting and receiving to 
measure the level of air pressure. Cars pressure 
sensor varieties are increasing functions are 
constantly improving. Generally, the switch sensor 
gradually linear pressure sensor instead of ordinary 
gradual high-performance and it is multi-functional 
sensor to replace analog pressure sensor digital 
sensor, intelligent sensors. The paper proposes 
application overloaded pressure sensor analysis and 
solution design. 

 
 

2. Overloaded Pressure Sensor Applied 
Research 
 
Overloaded pressure sensor can be used to 

measure and control the pressure of the high pressure 
compressed air and gas. Pneumatic applications are 
the core of the air compressor, and its role is to 
provide compressed air to drive pneumatic equipment 
or tools. Compressed air pressure in the air 
compressor, the pressure sensor can be measured is 
converted to digital or analog electronic signal, to 
achieve precise control in the manufacturing, 
construction, chemical, pneumatic tools, oil and gas, 
food and beverage industry, and medical device 
applications. Overloaded the application of pressure 
measurement is usually in the range of 100 to  
1000 PSI. 

Overload the pressure sensor can be used in the 
following fields: for HVAC / refrigeration and air 
conditioning applications, monitoring system 

performance, a compressor inlet and outlet pressures, 
Roofing chiller, refrigeration, the refrigerant recovery 
system and a compressor hydraulic control. Used in 
air compressors, and monitoring the performance and 
efficiency of the compressor, including the 
monitoring of the compressor inlet and outlet 
pressure, filter pressure drop, cooling water inlet and 
outlet pressures and compressor oil pressure. 
Applications for conveyance by monitoring the 
pneumatic, hydraulic, flow and level on the pressure 
of the hydraulic brake pressure, oil pressure, 
transmission, and truck / trailer air brake and other 
critical systems, light-load reload the device to 
maintain performance. 

Variety of sensor models, it is necessary to 
compare the various products of varying quality, 
technical parameters. Specific product reliability, 
calibration, zero compensation, sensitivity, and total 
error range should be analyzed. Consider the 
following factors when selecting a sensor for 
industrial or transportation applications; each sensor 
device is to be considered standardized or customized 
products? Customization options including 
connectors, the pressure interface reference pressure 
type, range and output in the form. Whether spot or 
configure products. 

Sliding sensor is usually installed in the existing 
push off the top of the board. During the high-
temperature molding, or the low-pressure sensor for 
small ejector pin, slide sensor will generally be 
installed in the mold moving platen, then push pieces 
off through the ejector sets of functions or the other 
using transitional pin (as shown in Equation 1). The 
transition pin has two functions, first, in the case of 
using the existing ejector, which enables the slide 
sensor from the release pressure of the interference. 
Another role when the production cycle is short, fast 
stripping, which enables rapid acceleration and 
deceleration of the sensor from the top of the  
board [3]. 
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MEMS pressure sensor in an automobile, a new 

application Clutch pressure sensing, automatic means 
typically used, but also for the new dual-clutch 
transmission system. German manufacturer Bosch 
recently entered the market, the introduction of a 
MEMS solution, use oil to protect the silicon thin 
film, making it the highest tolerable pressure of 70 
bars. Bosch few years ago I had a huge change for 
the MEMS pressure sensor, the time is porous 
silicon, highly reliable MEMS devices, these devices 
have applications for the side airbags. 

Sensor selection criteria should meet the needs of 
system consistency and reliability. Pneumatic air 
compressor application selection, design engineers 
need to consider the following four points: accuracy 
and consistency: the choice of sensor error range is 
the most important technical parameters. The total 
error range includes all possible sensor error, 
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indicating that the real accuracy of the device within 
the compensated temperature range (-40 °C to  
+125 °C). For example, the total error of ± 2 % of 
range within the operating temperature range, 
regardless of the pressure is rising or falling, the 
sensor error is not more than 2 % of range. 
Understanding the total error range to ensure that the 
sensor can be critical to the accurate use within the 
pressure range and operating temperature range, so 
that it can provide consistency, reliability and 
repeatability high output air pressure readings. 

A lot of pressure sensors using micro-
electromechanical systems (MEMS) technology, 
which consists of four connected to a Wheatstone 
bridge structure arrestor. When there is no pressure 
on these sensors, a bridge resistor values are equal. 
When an external force is applied to the bridge, the 
two opposing resistor will increase, while the other 
two resistors of the resistance will be reduced and 
increased and reduced resistance are equal to each 
other, as is shown by equation (2): 
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Criteria for selection of sensor reflect the 

significant design challenges. The consistency of the 
system is equally important, a sensor is removed 
from the box and box must be any other sensors can 
be used interchangeably, and the product 
performance must be the same as the predetermined 
performance [4]. Third need to consider is the 
standard cost, it is a ubiquitous challenge. The 
intelligent electronic devices and the degree of 
accuracy are increasing, to renew old components in 
the solution. The cost of not only depends on the 
single sensor, the entire cost but is brought to 
alternative products. 

The sensor must be compensation, calibration, 
zoom in, and must be finished - no need to add with 
other resources to meet the application requirements. 
Custom calibration, or a combination of custom 
calibration to customize the output, you should be 
able to output a predetermined voltage, in the case of 
design changes to meet the design specifications. 
Products comply with CE instruction is to meet the 
requirements of IP protection class, and it is the mean 
time to failure to comply with the electromagnetic 
compatibility requirements, and also has high 
durability even in harsh environments. 

Push pin slide type sensor at the top of determines 
the size of the required sensor size. When the mold 
cavity need to install multiple sensors, top pin die 
design is best to use the same size to them, in order to 
avoid molders appear error setting or adjustment 
error. Because of the top pin function is to transfer to 
the plastic melt pressure sensor, so different products 
by top pin of different sizes. 

Pressure sensors do not understand the true 
relationship between the offset and the sensor output 
voltage and pressure; we can only be a rough 

estimate of the amount of pressure applied to the 
sensor. This means that sampling calibration method 
to obtain better accuracy. Fortunately, given the 
sensor offset and full-scale error remained fairly 
constant over time, once the sensor is calibrated, 
during the life of the sensor may not need to change 
the calibration coefficients will be able to meet the 
accuracy requirements. Of course, in each power 
usually need to re-calibrate the system. 

Configuration: should find a way to provide a 
variety of key technical parameters option product 
platform design engineers. Sensor including selection 
of key technical parameters of connectors and cables, 
the pressure interface, and it is pressure type and 
range and output options. In this way, custom design 
in existing solutions based on application 
requirements, according to its own configuration of 
the sensor, without the need to find different supplier, 
supplier qualification and sample test. Select a 
superior product platform show that, design engineers 
can complete the product customization design. By 
selecting the options is themselves standard. The 
characteristics and advantages of the lower cost of 
equipment: reduce the overall design, integration and 
implementation cost; accelerating device prototype 
development to rapid listed, as is shown by Fig. 1. 

 
 

 
 

Fig. 1. The application of overloaded pressure sensor. 
 
 

Whether it is the measurement of hydraulic pump 
pressure of the HVAC system provide feedback 
control loop pressure, or to measure the pressure of 
the cooling fluid flow, reload the sensors are able to 
output a high level signal. At present, the design 
engineer faces enormous challenges for the design of 
more complex control system. These systems rely on 
the feedback signal to provide more than a 
conventional system [5]. Therefore, the design 
engineer must be considered to meet the high 
precision, lower overall costs and to facilitate the 
implementation of the application and other required 
components. 
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The installation position of the pressure sensor, 
pressure sensor installed in the correct position, it can 
molder provide the most useful information. Apart 
from some exceptions, the sensors for process 
monitoring should normally be mounted in the cavity 
after one-third, while for controlling the molding 
pressure sensor should be mounted in the anterior 
third of the mold cavity. For very small products, the 
pressure sensor may be installed in the flow channel 
system, but this causes the sensor to monitor the 
pressure of less than the gate. It needs to be 
emphasized is that when the injection material is less 
than zero, the pressure at the bottom of the mold 
cavity, and therefore become important means of 
monitoring Note inadequate material in the mold 
cavity at the bottom of the sensor? 

The pressure sensor is mainly used as a low cost 
disposable catheter for surgical operation. But they 
are also used in expensive equipment, in the 
continuous positive airway pressure (CPAC) 
measurement of pressure and differential current 
sense machine [6]. These devices have great potential, 
probably in 2015 after the implantable sensor. 
Implantable sensors do not require battery can work, 
can be used for measurement of the heart and 
monitoring glaucoma. In the industrial field, the main 
application of MEMS pressure sensor comprises a 
heating ventilation and air conditioning HVAC), 
level measurement, all kinds of industrial processes 
and control application. For example, in addition to 
high pressure measurement precision and it is other 
parts of the aircraft to use sensors to monitor the 
engine, the flap. 

The basic signal conditioning circuit is composed 
of an instrumentation amplifier and an analog-to-
digital converter (ADC).Instrumentation amplifier 
output voltage from the sensor amplified to a level 
suitable for the ADC by the ADC, and then the 
amplified sensor output voltage is converted to 
digital, and then handed over to the controller or DSP 
processing. The instrumentation amplifier can be 
used to avoid overload the bridge, and this overload 
will change the sensor output voltage value, as is 
shown by equation (3): 
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Intake manifold pressure sensor for monitoring 

the pressure of the intake manifold, and the sensor 
harness signal input ECM, ECM according to this 
signal to control fuel injection quantity and injection 
timing. The intake manifold pressure sensor circuit is 
shown in Fig. 2. Detected in 45 terminals on the 
engine wiring harness to the intake air pressure 
sensor signal voltage is too high or too low, ECM 
failure, fault codes 122 and 123 were recorded and 
stored in the ECM memory. This fault will make the 
engine output power is reduced. 

Control systems use a pressure switch to control. 
This switch around a set point opening and closing, 

and its output is usually the end of the day review. 
Such systems are primarily used for monitoring. 
Compared with the control system and it is the 
pressure sensor system timely and accurately 
measure the pressure spike, a warning before a 
danger or failure of the control system. Sensor 
connected to a computer to be able to measure the 
actual pressure, so that users can accurately 
monitoring and system control. The pressure data are 
generally used for dynamic measurement system 
performance, status monitoring and system 
efficiency. The sensor system can provide more and 
more valid data points, as is shown by equation (4): 
 

 )()()()( mvmXmmZ   (4) 

 
The system can take advantage of state-of-the-art 

technology, innovative technology, MEMS pressure 
sensor is applied to the acquisition of the electric 
pressure cooker pot pressure. The application of 
MEMS pressure sensor developed a new generation 
of electric pressure cooker pot pressure and 
temperature monitoring module is a direct response 
to the electric pressure cooker pot pressure. The 
module uses MEMS silicon piezoresistive pressure 
sensor, collected by the pressure sensor pressure 
signals into electrical signals, and then through the 
microprocessor signal processing, and then signal to 
the main control board. So that users can more 
objective understanding of the pot temperature and 
pressure [7]. The control board can be arbitrarily set 
pressure pot, when the pot pressure exceeds the set 
value, it will automatically cut off the power, activate 
the alarm function, and alarm signal prompts the user 
to allow the user security, ease of use. 

The software to eliminate the offset problem is 
that the limit of the measurable sensor range. If the 
offset is positive, will limit the maximum sensor 
output can be measured, because of the larger sensor 
output may be reached earlier than the desired full 
scale value of the ADC. If the offset is negative, 
would not be able to accurately measuring very small 
sensor output level, because the offset value exceeds 
zoom back before, ADC output code is not higher 
than a zero value. The second challenge is possible 
for the sensor output at full scale output voltage 
range. For example, the nominal full scale output 
voltage is 100 mV sensor may have such an 
indicator, it shows that the possibility of this full-
scale output as low as 50 mV and 150 mV, as is 
shown by Table 1. 

Growing demand for small pressure sensor, this 
compact sensor can work in extreme conditions, and 
requires very little care and maintenance, a very 
small impact on the surrounding environment, can be 
placed in various vital organs of the human body to 
collect data, does not affect the normal life of the 
people. Such as production range for entrant is 2 to 
500 PSI sensor, diameter of only 1. 27 mm, and it can 
be placed not interested in the flow of blood in the 
blood vessels of the human body have a big impact. 
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Table 1. The sensor harness signal input ECM of MEMS. 
 

MEMS ADC Tag  ECM Default  
CPAC int YES PK 100 
Desn varchar YES 0.78 652 
Body text NO 0.9 800 
Date datetime NO 0.88 date 
UserID int NO 0.362 client IP 
Phone float YES 0.741 user  
Mobile int YES 0.201 bytes 
Email money YES 0.14 server 
CreatDate datetime YES 0.41 request 
Status int YES IDS status 

 
 

MEMS-based small-scale, highly sensitive 
pressure sensors typically have a flat film, Island 
film, the beam film structure, designed for overload 
protection, and commonly used methods such as boss 
implementation, the method of forming the back of 
the etching technology, silicon direct bonding (SDB) 
technology, and glass etching technology [8]. 
However, these structures cavities are larger in size, 
and it is to further improve the sensitivity restricted, 
but also reduces the utilization of silicon, increasing 
the complexity of the manufacturing process, 
increase the production costs, as is shown by 
equation (5): 
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So far, MEMS pressure sensor in the field of 

consumer electronics and mobile applications are not 
particularly common, less than $ 20 million in sales. 
But a variety of applications, including weather 
stations, sport watches, bike computers, diving 
equipment, and the number of steps count. White 
goods, such as energy-efficient washing machine 
water level sensor can also be used. 

In the major premise, mold design and 
manufacturers need to decide whether to be placed in 
the cavity of which a concave fosse pressures 
sensors, as well as the position of the wire or cable 
outlet. The design principle is to not be able to move 
the wires or cables to wear out from the mold. The 
general practice is fixed on the base of the mold of a 
connector, and then use a cable mold and injection 
molding machines and auxiliary equipment 
connected. The important role of the pressure sensor, 
mold makers to take advantage of the pressure sensor 
to be delivered to the mold strict test mode, and it is 
mold design and processing improvements. 

Before lists the sensors procurement list, view a 
variety of applications is very important. Need to 
consider alternatives to what and how to meet their 
design requirements and specifications. As 
mentioned earlier, in the past decades, mainly due to 
an increase in design complexity, the control and 
monitoring systems has changed dramatically. These 
changes include the manual system into a control 
system based on electronic technology, multi-

components into highly integrated products; pay 
more attention to cost issues. Heavy duty applications 
with a variety of solutions, which are overloaded 
environment? Here are just some specific examples. 

The module characteristic parameters: pressure 
range 0 to 200 kPa ≈ 30 Psi, overload 3X, supply 5.0 
V Operating Temperature -20 °C to 125 °C physical 
characteristics compatible the media gas and weak 
acid weak base liquid, the technical indicators (all 
test values relative 25 °C, 5 Vconstant voltage power 
supply) output voltage: 0 to 5 V, linearity  
± 0.20 % FS. Hysteresis and repeatability are  
± 0.10 % FS. Zero temperature coefficient of  
± 0.04 % FS/100 °C, the temperature coefficient of 
resistance of 0.30 % FS/°C temperature coefficient of 
sensitivity -0.20 °C % FS/100 °C Zero Thermal 
Hysteresis ±0.10 % FS, long-term stability of  
±0.20 % FS, response time of 2 ms. The installation 
process is simple, long life, strong anti-interference, 
vibration and drop. 

Sapphire pressure sensor utilizes strain resistance 
working principle, the use of silicon - sapphire as 
semiconductor sensitive components, with 
unparalleled measurement characteristics .Sapphire 
by single-crystal insulator element, hysteretic does 
not occur, fatigue and creep phenomenon; sapphire 
ratio of silicon to be sturdy, higher hardness, the fear 
of deformation; has a very good elasticity and 
insulating sapphire, therefore, the use of silicon - 
sapphire manufacturing semiconductor sensitive 
element is not sensitive to temperature changes, even 
if the high temperature conditions, has a good 
operating characteristics; very strong anti-radiation 
properties of sapphire; silicon - sapphire 
semiconductor sensitive element P-N drift, therefore, 
fundamentally simplifies the manufacturing process, 
improve repeatability and ensure a high yield. 
 
 

3. Overload Pressure Sensor Design 
 

Heavy pressure sensor working principle is: the 
measured medium pressure acts directly on the sensor 
diaphragm (stainless steel or ceramic), the diaphragm 
to produce micro-displacement proportional to the 
pressure of the medium, the sensor resistance value 
changes with the electronic circuit detects this 
change, and convert the output of a standard 
measurement signal corresponding to this pressure. 

Each sensor, the device is to be considered 
standardized or customized products? Customization 
options including connectors, the pressure interface 
reference pressure type, range and output in the form. 
Either spot or configure products, the selected 
product is easy to meet precise design requirements 
and can supply quickly? When you design the 
product, the ability to quickly get the samples so that 
the time-to-market is not postponed or affected? The 
total error range (TEB) (below) is comprehensive, 
clear and important measurement parameters. It 
provides accuracy of the device over the 
compensated temperature range (40 °C to 125 °C  
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[-40 °F to 257 °F]), is critical for measuring the 
consistency of the product and to ensure that the 
product interchangeability [9]. For example, the total 
error range of ± 2 %, regardless of the temperature of 
the number within the specified scope, regardless of 
the pressure is rising or falling, the total error is less 
than 2 % of range. 

Mold manufacturers often appear in the mold is 
the user that filling is not good, the key size is not 
correct, because the unknown state of plastic in the 
mold, they can only to speculate on the reasons of the 
problems based on experience, which will not only 
make the detours, and sometimes still can not 
completely solve the problem. But now they only 
according to the plastic molders from the pressure 
sensor to collect in the mold of status information (as 
shown in Fig. 2) analysis can accurately identify the 
crux of the problem. 

 
 

 
 

Fig. 2. The design of overloaded pressure sensor. 
 
 

In the mobile space, and it is so far no large-scale 
application. Future high-end intelligent mobile phone 
may use pressure sensor as the altimeter, support the 
indoor location services, but do not have the 
infrastructure in this area. In the computer field, so 
the pressure sensor is used only to enable it to display 
local weather conditions, and the accelerometer and 
gyroscope in consumer electronics and mobile field 
has been widely used in the next few years, the 
application of pressure sensor in the field is still very 
limited. 

Currently, small-scale, high-sensitivity pressure 
sensor hotspot concentrated on the sacrificial layer 
structure of the pressure sensor, this is mainly 
because of the sacrificial layer structure of the 
pressure sensor elastic diaphragm is very thin, the 
thickness can be 2 m, and even thinner. If the use of 
the diffusion silicon or polycrystalline silicon thin 
film as a sacrificial layer structure of the strain 

resistance of the pressure sensor, the thickness 
thereof is relatively large, a great impact stress 
distribution on the elastic diaphragm, the sacrificial 
layer structure of the pressure sensor is not conducive 
to performance optimization in such a thin structure, 
polysilicon nano-thin film production strain 
resistance can give full play to the advantages of the 
sacrificial layer., as is shown by equation (6). 
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The integrated pressure sensor has been more and 

more integrated with the other measuring sensor is 
formed on the measuring and control system. It can 
improve the operating speed and efficiency of the 
integrated system in the process control and factory 
automation. The intelligent integrated appears in an 
integrated circuit can add some microprocessors, 
making the sensor with automatic compensation, 
communication, self-diagnosis, logic and other 
functions. A wide range of pressure sensor another 
trend is positive from the machinery industry 
expanded to other areas, such as: automotive 
components, medical equipment, and energy and 
environmental control system. 

Assuming the two resistors in series with a 
resistor string, because it is the equivalent resistance 
between the two resistors node voltage is half of the 
resistor string voltage [10]. If a resistance value is 
increased by 1 %, another resistor is reduced by 1 %, 
and then the two resistors at the node voltage will 
change by 1 %. If the two resistor string in parallel, 
as shown in Fig. 1 as shown in the left bottom of the 
resistor and the top of the right side of resistor are 
reduced by 1 %, an increase of 1 % of the other two 
resistors, then the two "and" voltage between points 
from zero difference becomes changed to 2 %. Two 
parallel branches of this configuration is called a 
Wheatstone bridge, as is shown by equation (7). 
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Corrosion resistant ceramic pressure sensor is not 

the transmission fluid pressure acts directly on the 
surface of the diaphragm at the front surface of the 
ceramic diaphragm chamber and the diaphragm to 
produce a slight deformation of the thick-film resistor 
printed at the back surface of the ceramic diaphragm, 
connected into Wheatstone bridge (closed bridge), 
varistor piezoresistive effect, so that the bridge to 
produce a highly linear proportional to the pressure, 
the excitation voltage is proportional to the voltage 
signal, the signal of the standard under the pressure 
range of different calibration 2.0, 3.0, 3.3, and strain 
gauge sensor compatible. By laser calibration, the 
sensor has very high temperature stability and time 
stability, the sensor comes with temperature 
compensation from 0 °C to 70 °C, and the vast 
majority of media and direct contact. 
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Wide compensated temperature range so that the 
same device can be applied in various parts of the 
system, the more extensive applications. A variety of 
connectors and pressure sensor interface enables able 
to meet the demand for a variety of applications. 
Small size, the sensor placed more flexible sensor 
should meet industry standards such as ISO 9001 
need to consider the overall cost of the sensor, 
including integration, configuration, and 
implementation costs. 

Pressure sensor for three years will be the highest 
sales of MEMS devices, to beat everywhere the 
accelerometer and gyroscope increasingly popular. 
Different due to the level of compensation, die 
calibration package types, the average price of the 
MEMS pressure sensor is a big difference, from a 
few dollars to tens of dollars, and for aircraft 
hydraulic system for high-value industrial and 
medical applications or flight data the most 
professional applications of the measurement is as 
high as a few hundred dollars, including industrial 
applications in the poor medium, temperature and 
pressure conditions under composition [11]. 

The strain resistance of the pressure sensor is 
diffused in the silicon wafer or impurities are injected 
to achieve, in order to improve the temperature 
characteristics, and later also uses a polycrystalline 
silicon thin film, but ordinary polycrystalline silicon 
thin film strain factor is smaller, is not conducive to 
improve the sensitivity. The latest research results 
show polysilicon nano-thin film having a significant 
tunnel piezoresistive effect, and exhibit superior than 
conventional polycrystalline silicon thin film 
piezoresistive characteristics, heavy doping under the 
conditions of the strain factor can reach  
34 having a negative coefficient of the strain factor 
temperature, numerical less than 1 × 10 - 3 / °C 
temperature coefficient of resistance may be less than 
2 × 10 - 4 / °C, as is shown by equation 8. 
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The auto industry is still the largest application 
areas of MEMS pressure sensor, 72 % of its sales, 
followed by medical electronics accounted for 12 %, 
the industrial sector accounted for 10 %, consumer 
electronics and military aviation accounted for the 
remaining 6 % of the market. Engine management is 
its main application in the automotive field, including 
a common rail pressure sensor in the manifold air 
pressure sensor in the gasoline engine and diesel 
vehicles, especially in Europe. In order to improve 
combustion, some organizations are examining can 
work within the cylinder pressure sensor, the exact 
proportions of the various substances in order to 
better measure the chemical reactions involved, and 
data feedback to the engine management system. 

This pressure sensor can be mounted to the nozzle 
of the injection molding machine, the hot runner 
system, a cold runner system and a mold cavity, it is 

capable of measuring the plastic in an injection 
molding mold filling pressure and the cooling process 
from the injection molding machine, Paulnozzle to 
the plastic somewhere between the mold cavity 
pressure. The data may be recorded in the monitoring 
system to be used for real-time adjustment of the 
molding pressure, and, after molding, inspection or 
troubleshooting production process. It is worth 
mentioning, this by the acquisition of the pressure 
data can be for this mold, and this general process 
parameters for the material, in other words, the data 
on the type of an injection molding machine (using 
the same mold) guiding production. In this discussion 
only the pressure sensor is installed in the mold 
cavity. 

Ceramic is a recognized high elasticity, corrosion 
resistance, abrasion resistance, resistance to shock 
and vibration material [12]. Ceramic thermal stability 
and its thick film resistor can make it up to -40 °C to 
135 °C operating temperature range and 
measurement accuracy, high stability. The degree of 
electrical insulation is greater than 2 kV; the output 
signal is strong, long-term stability. High 
characteristics, low-cost ceramic sensor will be the 
development direction of the pressure sensor, 
comprehensive alternative to other types of sensors in 
Europe and the United States, in China, more and 
more users use ceramic sensor instead of diffused 
silicon pressure sensor. 

 
 

4. Improved Overloaded Pressure Sensor 
Application Analysis and Solution 
Design 
 
The pressure sensor following the diffused silicon 

pressure sensor pressure sensor is another major 
technological innovation, and force-sensitive  
Z-element is only at home and abroad with digital 
signal output sensitive components, ceramic thick 
film technology and force-sensitive Z-elementthe 
unique combination of the simplest circuit can be a 
high performance, low-cost new sensor. 

The control system is becoming more intelligent 
and complex, sensor technology must keep pace in 
order to meet the application requirements. Sensor 
signal conditioning and calibration work time has 
gone [13]. In sensor design, implementation to the 
application, you no longer have the problem of sensor 
function bother evil. In view of the sensor is very 
important pressure measuring device, and a variety of 
sensor models on the market, of varying quality, you 
must choose carefully. 

Currently used in the mold cavity pressure sensor 
there are two types, i.e. paperback and indirect. 
Paperback sensor is inserted into the mold cavity 
through a mounting hole drilled in the back cavity, 
flush with the top of it with the surface of the mold 
cavity (Fig. 1), and its cable passes through from the 
mold and located in the outer mold surface 
monitoring system connected to the interface. The 
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advantage of this sensor is not affected by releasing 
the pressure interference, but it is very easy to 
damage under high temperature conditions, resulting 
in the difficulty of installation. 
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Sacrificial layer pressure sensor, a polysilicon-

nanometer film as the strain resistance, sensitivity 
can be improved to expand the operating temperature 
range, reduce temperature drift [14]. However, the 
sacrificial layer is very thin, and how to improve the 
sensor overload is particularly important. In this 
regard, the guarantee under the premise of the linear 
response of the sensor full-scale range, adjust the 
thickness of the sacrificial layer, the appropriate 
contact through the flexible diaphragm and the 
substrate to improve the sensor overload. 

The full-scale output of the sensor input max can 
see the input of the amplifier. When the sensor output 
at full scale, the ADC input should be close to its 
full-scale value, this value is usually the ADC 
reference voltage VREF. The amplifier gain required 
size of the following formula (10): 
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Ceramic ring hot die casting process fired at high 

temperatures forming. Ceramic diaphragm and 
ceramic ring between the high-temperature glass 
paste, thick film printing, thermal sintering 
technology firing together to form a sense of force 
goblet with clamped Eastover, should be formed in 
the ceramic part with clamped no creep rigid 
structure. In the upper surface of the ceramic 
diaphragm, i.e. the bottom of the mug, sensor circuit 
made using thick film technology. Ceramic cover the 
lower part of the circular groove formed a certain gap 
between the cover and the diaphragm, diaphragm 
limit prevents overload due to excessive bending 
rupture to form anti-overload protection of the 
sensor. 

1) If the full scale sensor output below the 
nominal value, the full-scale range of the ADC is not 
used. If the full scale sensor output is more than 
nominal value, the ADC output in the sensor output 
to ADC full scale output value reached before the full 
scale [15]. In addition, if the sensor output amplifier 
drift, then there is some uncertainty and imprecision 
in reading. Fortunately, even if the current sensor 
drift is also very small, carefully selected amplifier 
allows the amplifier to minimize drift. Accordingly, 
during manufacture and / or system power-up, the 
gain of the circuit can be adjusted once in place. 

2) In this paper, the range of 0.1 MPa sacrificial 
layer pressure sensor, for example, design a voltage 
source E = 5 V full-scale output 60 mV pressure 
chip. In order to meet the design requirements, 
sensitivity to changing the elastic diaphragm width, 
length, thickness and the thickness of the sacrificial 
layer on the stress distribution simulation (simulation 
polysilicon Young's modulus  
EX = 1.7 × 1011 N/m2 Poisson's ratio PRXY = 0.24, 
polycrystalline silicon nano-film strain factor  
G = 30), after optimization, meet the design 
requirements of the flexible diaphragm size: length a 
= 300 m, width b = 250 μm, thickness of the 
diaphragm H1 = 1 m, the thickness of the sacrificial 
layer H2= 4.5 μm. 

Simulation of nonlinear contact analysis and 
linear analysis method, and it is the sacrificial layer 
thickness H2 0. 2 m ~3.3. Vary between 5 μm 
specific simulation, the maximum stress of the 
diaphragm reaches the fracture strength of the silicon 
when the distance between the substrate and the 
diaphragm is ΔH sacrificial layer thickness H2.Also 
gives the maximum stress of the diaphragm reaches 
the fracture strength of the silicon when the pressure 
exerted by the load of Pmax (overload), and the 
thickness of the sacrificial layer H2 relationship. 

The sensor is non-electricity (including physical 
chemistry, biomass, etc.) converted into another 
physical quantity (usually electricity) to facilitate the 
processing and transmission of the device according 
to certain rules. Sensors are generally sensitive 
components, conversion element and measuring 
circuit is composed of three parts, sometimes need 
external auxiliary power supply. 

 
 

 
 

Fig. 3. Comparison results of application overloaded pressure sensor analysis  
and solution design with ADC and Pmax technology. 
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Pressure sensor and principles: mainly used to 
detect the pressure sensor. In the middle of the wafer 
is formed from the rear surface corrosion square 
diaphragm, diaphragm pressure into stress in the 
surface of the diaphragm, by the formation of the 
four p-type impurity diffusion measurement resistor, 
which are connected to the bridge circuit, using the 
piezoresistive effect of the stress on the diaphragm is 
converted into a change in resistance after this 
change in resistance through the bridge circuit, in 
between the two output terminals of the bridge 
circuit, the potential difference in the form of external 
output. 

Pressure sensor overload protection design for the 
sacrificial layer, under the premise of ensuring the 
sensor full-scale range of linear response; adjust the 
thickness of the sacrificial layer, through the 
appropriate contact of the flexible diaphragm and the 
substrate to improve the sensor overload. Using the 
finite element method, the sensor elastic membrane 
stress distribution static linear analysis and nonlinear 
contact analysis, the following conclusions. Pressure 
sensor for the sacrificial layer, can reduce the 
thickness of the sacrificial layer to improve overload, 
but the thickness of the sacrificial layer must not be 
too small, otherwise the sensor will be within the 
range of nonlinear deformation. 
 
 
6. Conclusions 
 

The paper proposes application overloaded 
pressure sensor analysis and solution design. Heavy 
pressure sensor can be used to measure and control 
the pressure of the inlet and outlet, filter pressure 
drop, cooling water inlet and outlet pressure and 
compressor oil pressure. Sensor plays a key role in 
maintaining the performance and efficiency of the 
compressor. Diffusion silicon pressure sensor using 
wet etching, the silicon dioxide and silicon nitride on 
the pressure sensitive structure of an insulating or 
protective layer thickness is much smaller than the 
thickness of the elastic film, and generally can be 
ignored in the analysis of structure analysis and stress 
distribution of their affected. 
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